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DISCUSSION 

 

From the onset of green revolution the use of chemical fertilizers, pesticides, 

fungicides have increased crop productivity, but their excess uses have caused several 

health hazards. These have also caused drastic change in the pH of soil, thus altering the 

composition of microbial community of natural soil. An alternative to this chemical 

fertilizer and pesticides is the need of the time and may be provided by the use of plant 

growth promoting bacteria. 

Plant growth promoting rhizobacteria actively colonize the zone around plant root, 

secrete phytohormones and make nutrients available for the roots, thus promoting the 

growth. Moreover, the beneficial microorganisms secrete siderophores, hydrolytic 

enzymes which inhibit growth of pathogenic organisms. To impart the beneficial effect, 

these microorganisms have to first colonize the root actively. Thus colonization is the 

first and crucial step for plant rhizobia interaction (Lugtenberg et al.  2001). Plant growth 

promoting rhizobacteria may colonize rhizosphere freely or may be as endophytes. The 

mechanisms by which PGPR can influence plant growth may differ from species to 

species as well as from strain to strain, but, these may be grouped under two broad 

categories direct i.e. production of growth hormones, phosphate solubilization, nitrogen 

fixation or indirect viz, suppression of deleterious microorganisms by siderophore 

production or secretion of antifungal metabolites (Kloepper, 1993). Inoculation of PGPR 

initiates biochemical or physiological changes in the plant, which lead to improvement of 

health as well as induction of resistance in host against pathogens. Till now, numerous 

PGPR strains isolated from different plant rhizosphere have been evaluated throughout 

the world. But a common and standard protocol is yet to be deduced, as variation in 

responses was observed from site to site, year to year as well as for different crops 

(Martinez-Viveros et al. 2010). The search of potent strains that may produce desirable 

results in laboratory as well as in field trials is still going on. Unexplored rhizosphere 

may be the niche of potent pgpr strains.  

In this milieu present study was undertaken to study the unexplored rhizosphere of 

jute plants. A total seventy six bacterial isolates were isolated from different jute growing 
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fields of North Bengal. All the strains were screened for their ability to solubilize 

phosphate, IAA production and antagonistic activity against stem rot pathogen 

Macrophomina phaseolina. About 50% of the bacterial isolates could produce IAA, 45% 

could solubilize inorganic phosphate and only four isolates (5%) showed antagonistic 

activity against M. phaseolina. Four antagonistic strains and one potent phosphate 

solubilizer were further characterized by both biochemical and molecular techniques. 16S 

rDNA sequencing revealed the identity of all five isolates. The  BLAST  query  of  16S r  

DNA  sequence  of  the  isolate  Acti-6, B-3, Acti-3, Acti-2 and JRS-1 established as 

Bacillus  amyloliquefaciens, Bacillus subtilis, Pantoea agglomerans, Stenotrophomonas 

sp., and Ralstonia pickettii respectively. All the sequences were submitted and deposited 

in NCBI, GenBank database under the accession nos. KT192627.1 (B. 

amyloliquefaciens), KT266821.1 (B. subtilis B-3), KT031388.1 (P. agglomerans), 

KX618651.1 (Stenotrophomonas sp.) and KP247498.1 (R. pickettii). 16S rDNA sequence 

alignments of these isolates with sequences of extype isolates present in NCBI data base 

were also carried out along with phylogenetic tree construction with the help of MEGA 

4.1 software.  

Among the promising five isolates, one phosphate solubilizer Acti-3 (P. 

agglomerans, KT031388.1) and one antagonistic isolate Acti-6 (B. amyloliquefaciens, 

KT192627.1) was selected for in vivo application. Acti-6 showed highest activity among 

the four isolates which showed antagonistic activity against M. phaseolina. Thus, further 

study was concentrated on these two isolates.  

Mishra et al. (2011) reported plant growth promoting activity of Pantoea 

agglomerans NBRISRM, which was isolated from rhizosphere of Cicer arietinum L. The 

strain could produce 60.4l g/ml indole acetic acid and solubilize 77.5l g/ml tri-calcium 

phosphate under in vitro conditions. Silini-Chérif et al. (2012) also reported plant growth 

promoting activity of Pantoea agglomerans lma2, which was isolated from arid region of 

Pakistan. The isolate showed significant amount of phosphate solubilization, IAA and 

siderophore production both under normal and salt stress condition.  

B. amyloliquefaciens from the rhizosphere of Glycine max has also been reported to 

have PGPR activities (Sharma et al. 2013). The strain was first putatively identified as 
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Bacillus sp. and 16S rDNA sequencing confirmed the identity as B. amyloliquefaciens. 

The strain showed several plant growth promoting traits such as siderophore production, 

indole-3-acetic acid-like-compounds, ACC deaminase, phosphatases, phytases, HCN, 

cellulases, zinc solubilization and antagonisms to soil-borne pathogens. 

In the present study two strains were next characterized by scanning electron 

microscopy which revealed that, both isolates were rod shaped but the B. 

amyloliquefaciens was larger in size. The optimum conditions of the growth of the 

selected bacterial isolates were determined. Both the isolates showed optimum growth 

after 48 h. At 48 h log cfu values of B. amyloliquefaciens and P. agglomerans were found 

to be highest- 16.5 log cfu/ml broth and 14.4 log cfu/ml broth respectively. The optimum 

pH for growth of both isolates was 6.0 and temperature 35° C. similar type of observation 

was recorded by Chakraborty et al. (2013) in case of B. megaterium. The isolates B. 

amyloliquefaciens and P. agglomerans were also characterised for carbon source 

utilization capacity. The isolate P. agglomerans could utilize more carbon sources than 

the other one. It could break down fructose, ribose, dextrin, salicin, trehalose, mannose 

and others. Similar type of carbon source utilization was observed by Silini-Chérif et al. 

(2012) in case of Pantoea agglomerans lma2.  

Macrophomina phaseolina is a devastating plant pathogen, which infects more than 

500 plant hosts (Wyllie, 1988). Diseases such as seedling blight, charcoal rot, stem rot, 

and root rot, caused by M. phaseolina, are favoured by higher temperatures (30-35°C) 

and low moisture content of soil (Sandhu et al. 1999). The pathogenic strain used in this 

study was characterised for growth variations under different pH, temperature and media. 

In case of growth in solid medium the strain showed optimum growth in PDA plates. In 

liquid state maximum growth was recorded after 12 days of incubation and optimum pH 

for the growth was found to 6.5. Maximum biomass accumulation of M. phaseolina was 

observed between pH 6.0 to 7.0 by several earlier authors (Jha and Dubey, 2000; Kaur et 

al. 2013). The effect of different carbon and nitrogen sources was also studied. Optimum 

growth was recorded when dextrose and peptone was used as carbon and nitrogen source 

respectively. Tandel et al. (2012) reported similar type of observation of growth of M. 

phaseolina. They studied the effect of eight different media including synthetic and semi 



193 
  

synthetic. The growth of M. phaseolina was significantly high on potato dextrose agar as 

compared to the other media used in this study.  

B. amyloliquefaciens and P. agglomerans were tested in vitro for properties related 

to plant growth promotion. Results revealed that, both the isolates produced significant 

amount of IAA. The isolates P. agglomerans and B. amyloliquefaciens was found to 

produce 35 μg/ml and 24 μg/ml of IAA respectively when augmented with 0.1 mM 

tryptophan. Both the isolates could solubilize phosphate, but the degree of solubilization 

was quite higher in P. agglomerans. In liquid medium P. agglomerans and B. 

amyloliquefaciens could solubilize 182.6 mg/l and 86 mg/l of phosphate. The isolates 

were also tested for siderophore and HCN production. B. amyloliquefaciens showed 

positive results in both the tests. Test organisms also showed capacity to produce 

ammonia when tested with Nessler’s reagent but both of them could not produce any 

volatile compound. Chung et al. (2005) reported phosphate solubilizing rhizobacteria 

from rhizosphere soil of various crops of Korea. One of most potent phosphate solubilizer 

was identified as HK P. agglomerans (AY335552) by 16S rDNA sequencing. Walpola 

and Yoon (2013) studied the effect of phosphate solubilizing bacteria (PSB) on the 

growth of mung bean. Two efficient strains, identified as Pantoea agglomerans (PSB-1) 

and Burkholderia anthina (PSB-2) were evaluated for P solubilization and maximum 

solubilization (720.75 µg mL-1) was recorded from the cultures co-inoculated with both 

the isolates.  Islam et al. (2016) isolated ten pgpr strains from cucumber rhizosphere in 

Bangladesh and evaluated their ability to suppress Phytophthora crown rot in cucumber. 

Molecular identification techniques revealed these isolates as new strains of 

Pseudomonas stutzeri, Bacillus subtilis, Stenotrophomonas maltophilia, and Bacillus 

amyloliquefaciens. The isolates showed quite a significant amount of IAA production in 

vitro.  

Both the isolates B. amyloliquefaciens and P. agglomerans were screened for 

extracellular hydrolytic enzyme production. Both of them produced protease and 

amylase. But chitinase and cellulase production was exhibited by only B. 

amyloliquefaciens. Further, optimization studies were conducted for protease and 

chitinase. Studies revealed that, the isolate B. amyloliquefaciens could produce optimum 
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chitinase after 72 hours of incubation and optimum temperature was 35°C for the same. 

When effect of pH and nitrogen sources was studied it was observed that, the optimum 

pH for chitinase production was around pH 8.0 and peptone served the best as nitrogen 

source. Bhattacharya et al. (2016) reported similar type of observation in Bacillus 

pumilus JUBCH08. The isolate showed optimum chitinase production under submerged 

fermentation in a medium containing 0.5% chitin and peptone, at initial pH 8.0, when 

incubated at 35°C for 72 hours of incubation. 

Optimization studies related to protease production revealed that, the strain B. 

amyloliquefaciens showed optimum protease production after 36 hours of incubation, 

after which production of protease showed continuous decrease. The optimum pH of 

medium for protease production was found to be 8.5, which indicates its alkaline nature. 

The optimum substrate for production of protease from B. amyloliquefaciens strain was 

fructose as carbon source and yeast extract as nitrogen source. When the effect of metal 

ions was studied it was found that, in presence of calcium and manganese chloride the 

production of protease increased. Decrease in protease activity was observed in case of 

Zn+2.  Pant et al. (2015) reported high level of protease production form Bacillus subtilis 

after 36 hours at 45°C, at pH 10. Haddar et al. (2009) showed optimum protease 

production by Bacillus mojavensis around pH 9. The best carbon source for protease 

production in Bacillus pumilus SG 2 was using fructose and the best nitrogen sources 

were yeast extract and casein by Sangeetha et al. (2007).  

Production of hydrolytic enzyme, which probably degrade the components of 

fungal cell wall such as is an important characteristics of PGPR. Many authors reported 

different hydrolytic enzyme production by PGPR (Gupta et al. 2006, Kumar et al. 2012).  

The in vitro antagonistic activity of B. amyloliquefaciens was tested against known 

phytopathogens- Macrophomina phaseolina, Fusarium oxysporum, F. semitectum, 

Alternaria alternata. In all cases, the isolate inhibited the growth of the fungal pathogen 

both in solid as well as liquid medium. The percentage of inhibition varied between 61.5-

86.8% on PDA plates. Scanning electron microscopic study confirmed the antagonistic 

activity of the isolate B. amyloliquefaciens. Morphological abnormalities in hyphae of the 

fungal pathogen which was mediated by antibiosis, were clearly observed under SEM. 
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The affected mycelium of M. phaseolina showed severe abnormalities such as 

attachment, lysis and disintegration.  

Kumar et al. (2012) reported the antagonistic activity of Bacillus strain BPR7, 

which strongly inhibited the growth of several phytopathogens such as Macrophomina 

phaseolina, Fusarium oxysporum, F. solani, Sclerotinia sclerotiorum, Rhizoctonia solani 

and Colletotricum sp. in vitro. Cell-free culture filtrate of strain BPR7 also showed 

antagonistic activity against all test pathogens. Antagonistic activity of Bacillus 

amyloliquefaciens subsp. plantarum IMV B-7404 and BIM B-439D against bacterial and 

fungal pathogens was reported by Avdeeva et al. (2014). Torres et al. (2016) reported 

antifungal effect of Bacillus subtilis subsp. subtilis PGPMori7 and Bacillus 

amyloliquefaciens PGPBacCA1 against Macrophomina phaseolina (Tassi) Goid. They 

studied the effect of cell suspension, cell free supernatant and lipopeptide fraction of both 

the isolates. The cell suspension showed highest inhibition against fungal M. phaseolina. 

SEM studies revealed that PGPBacCA1 induced damage in M. phaseolina sclerotia, 

generating a fungicidal effect. 

Different fractions of cell free supernatant of the isolate B. amyloliquefaciens were 

evaluated for antagonistic activity. Ethyl acetate fraction showed highest amount of 

antagonistic activity and further characterised by GC/MS analysis. The analysis 

confirmed the presence of several compounds, but most abundant was 10-Octadecenoic 

acid, methyl ester, which had a retention time 18.88 min. Deepth et al. (2016) reported 

the antifungal activity of Lactobacillus plantarum MYS6 against a fumonisin producing 

fungus, Fusarium proliferatum MYS9. They have reported 10-Octadecenoic acid, methyl 

ester as one of the major antifungal compounds produced by the isolate.  

After the in vitro characterization for plant growth promoting activities, the selected 

two isolates were applied to jute plants to correlate their efficiency as plant growth 

promoter. In order to determine in vivo plant growth promoting activities in four different 

jute varieties (JRC 212, JRC 321, JRO 524 & JRO 8432) in potted condition, two 

selected potent PGPR- Bacillus amyloliquefaciens and Pantoea agglomerans, isolated 

from jute rhizosphere were applied as aqueous suspensions to the rhizophere of seven-

days old plants where potted soil was maintained as non-sterile with the natural 
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rhizospheric micro flora. Significant increase in growth, measured in terms of increase in 

shoot & root length, fresh biomass, shoot & root dry biomass, leaf area (cm2) was 

observed after 15, 30 & 45 days of application of B. amyloliquefaciens and P. 

agglomerans, singly or jointly. In JRC 212 and JRC 321 jute varieties, maximum 

increase in shoot length was observed after 45 days of dual application of B. 

amyloliquefaciens and P. agglomerans, followed by single application of P. agglomerans 

and B. amyloliquefaciens in comparison to control. Similar trend was observed in JRO 

524 and JRO 8432 varieties. Among the four jute varieties, better increase in shoot length 

was observed in JRC 212 and JRO 524 in comparison to JRC 321 and JRO 8432. In both 

cases, P. agglomerans was most effective as plant growth promoter when applied singly, 

whereas dual application of P. agglomerans with B. amyloliquefaciens showed best 

results in increase in shoot length. Jute is mainly cultivated for its fibre obtained from the 

shoot. Better development of shoot therefore would lead to increase in productivity of 

finished product. Significant increase in growth of jute following PGPR application has 

been justified by comparing with similar research works done by earlier researchers. In 

an earlier study, Bhattacharyya and Jha (2012) mentioned the role of plant growth 

promoting rhizobacteria (PGPR) in colonizing plant roots and increasing plant growth. 

They also mentioned that the biochemical or physiological changes induced in the host 

that are activated by the PGPR lead to plant growth promotion and develop resistance 

capacity in the host against pathogens. Role of Pantoea agglomerans YS19 strain as 

endophyte in promoting growth of rice was also reported by Feng et al. (2006). Khalimi 

et al. (2012) conducted experiment in rice plant and reported that mixture of application 

of two strains of Pantoea agglomerans- P. agglomerans (PaJ) and P. agglomerans 

(BS2a) showed best results to promote growth and to increase yield of rice in terms of 

increase in fresh and dry weights of shoot, root, length of stem, diameter of stem, leaf 

area, chlorophyll content, macro nutrients content in the leaf, number of tillers, number of 

panicles per hill, percentage of pithy grain per panicles, dry weights of 1,000 grains and 

weight of grain per hill. In a study by Singh et al. (2016), potential of two strains of 

Bacillus amyloliquefaciens-DSBA-11 and DSBA-12 as phosphate solubilising growth 

promoters and biocontrol agents of bacterial wilt of tomato by Ralstonia solanacearum 

was reported. The bio-control efficacy was higher in B. amyloliquefaciens DSBA -12 
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treated plants. Bhattacharyya et al. (2014) assessed the antagonism of Bacillus 

amyloliquefaciens (AB909000) to control Macrophomina Phaseolina disease in jute. B. 

amyloliquefaciens (AB909000) showed the best effect in phosphate solubilisation 

efficiency (73.33%), seed germination (96.66%) and seedling growth of jute. The 

bacterium showed highest ability to pathogen inhibition (74.26%) as well as reduction of 

stem rot disease severity (62.9%) in the green house. Inoculation of Lens esculenta by 

Bacillus subtilis was reported by Rinu and Pandey (2009) to enhance the efficacy of 

Rhizobium–legume symbiosis. Based on another field experiment carried out by 

Chaturvedi et al. (2016), they emphasized about the role of Pantoea sp., Bacillus 

megaterium, B. pumilus, B. cereus and Paenibacillus polymyxa as PGPR as well as 

endophytes in promoting growth of plants. Bacillus subtilis and B. amyloliquefaciens 

group (FZB13, FZB14, FZB24, FZB37, FZB38, FZB42, FZB44 and FZB45) possessed 

plant growth promoting, higher crop yields and biological activities against some soil 

borne fungal diseases (Grosch et al. 1999). A field study was conducted by Ekinci et al. 

(2014) to determine the effect of different plant growth promoting rhizobacteria strains- 

Bacillus megaterium TV-3D, B. megaterium TV-91C, B. megaterium TV-87A, B. 

megaterium KBA-10, B. subtilis TV-17C and Pantoea agglomerans RK-92 on growth 

and quality of cauliflower transplants under greenhouse conditions. The findings of the 

study revealed that different bacterial inoculations increased plant growth parameters 

such as fresh shoot weight, dry shoot weight, root diameter, root length, fresh root 

weight, dry root weight, plant height, stem diameter, leaf area and chlorophyll contents of 

cauliflower transplant respectively. Dual application of B. megaterium KBA-10 and P. 

agglomerans RK-92 also increased gibberellic acid (GA), salicylic acid (SA), indole 

acetic acid (IAA) contents by ratio of 23.64, 89.54 and 25.63%, respectively in compared 

to the control. In previous study with Bacillus subtilis and Bacillus amyloliquefaciens it 

was reported that these bacteria increased plant growth and yield on different plants 

(Kokalis-Burelle et al. 2003; Adesemoye et al. 2008).  

P. agglomerans also increased root length markedly in  JRC 212, JRO 524 & JRO 

8432 cultivars, where as B. amyloliquefaciens significantly promoted root growth in 

terms of increase in length in JRC 321 cultivar of jute after 15,30 and 45 days of 

inoculation as compared to control. Maximum root growth was noticed by combined 
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application of both bacteria after 45 days in JRC 212 variety in comparison to other three 

jute varieties. Souza et al. (2015)  reported the importance soil-plant-microbe interactions 

to the development of efficient inoculants and direct as well as indirect mechanisms by 

PGPR strains- Pantoea, Bacillus that are helpful in growth improvement of agricultural 

crops. In a green house study conducted by Turan et al. (2014), effects of Bacillus 

megaterium strain TV-91C, B. subtilis strain TV-17C and Pantoea agglomerans strain 

RK-92 on the growth, nutrient, and hormone content of cabbage seedlings were 

evaluated. Among the strains, B. megaterium TV-91C showed the highest seedling 

nutrient content and growth parameters in terms of increase in fresh, dry shoot and root 

weight, stem diameter, seedling height although the maximum values for leaf area, 

gibberellic acid, salicylic acid, and indole acetic acid (IAA) contents of seedlings were 

obtained following the application of  P. agglomerans RK-92. Wang et al. (2013) 

reported that Pantoea agglomerans, Bacillus megaterium and Enterobacter asburiae 

were remarkable for their high levels of IAA production and these potent plant growth 

promoting endophytes showed growth promotion in pea nut at different growth stages. 

Growth promotion in sugarcane in terms of increased dry biomass after 30 days of 

inoculation by Pantoea agglomerans 33.1 was observed by Quecine et al. (2012). 

Previous studies also supported the role of soil microbes for plant growth promotion, 

phosphate solubilisation and auxin production. Bacillus megaterium was also capable of 

solubilizing zinc oxide, zinc carbonate, potassium bentonite and rock phosphate in 

addition to tri-calcium phosphate leading to better growth promotion of crops (Amalraj et 

al. 2012). Mitra et al. (2014) also isolated Bacillus sp from the rhizosphere of Ocimum 

sanctum which was reported as eco-friendly biofertilizer strain that enhanced growth of 

Cicer arietinum in terms of seed germination, root-shoot height-weight and leaves.  A 

Gram-negative, rod shaped, cream white coloured strain Pantoea NII-186, isolated from 

Western Ghat soil sample was reported as PGPR by Dastager et al. (2009) which could 

be deployed as an inoculant to attain the desired plant growth-promoting activity in 

agricultural environment. Figueiredo et al. (2010) also reported some potential PGPR and 

their commercial products- Bacillus pumilus QST 2808 (Sonata® TM), B. pumilus GB34 

(YieldShield®), B. subtilis GBO3 (Kodiak ®) and Pantoea agglomerans C9-1 

(BlightBan C9-1®) could be used in field for improvement of health status of plants. In a 
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review by Ashraf et al. (2013), mechanisms of plant growth promotion by PGPR strains 

and their role as plant growth promoters as well as bio-protectors in sustainable 

agriculture were also emphasized.  

Dual application of B. amyloliquefaciens and P. agglomerans showed maximum 

significant increase in fresh as well as dry biomass of shoot after 45 days of inoculation 

over control. Similar trend was also observed while analysing the increase in fresh and 

dry biomass of roots by the application of P. agglomerans with B. amyloliquefaciens, 

singly or jointly. In all four varieties, B. amyloliquefaciens + P. agglomerans showed 

highest increase in leaf area after 45 days, whereas B. amyloliquefaciens increased leaf 

area in JRC 212, JRC 321 & JRO 524 varieties and P. agglomerans singly showed more 

increase than single application of B. amyloliquefaciens in JRO 8432 cultivar of jute. 

Significant increase was tested statistically by ANOVA and LSD tests. In West Bengal, 

leaves of jute are also consumed as a leafy vegetable. Therefore, increase in leaf area due 

to bacterial application is noteworthy. These results are in conformity with more of 

earlier researchers who showed that that leaf and shoot dry weight and leaf surface area 

were increased by bacterial inoculation (Nezarat and Gholami, 2009).  In an experiment 

conducted by Majumdar and Chakraborty (2015), they found significant increases in 

shoot length, root length, fresh and dry weight as well as in leaf area due to drench 

application of aqueous suspension of P. agglomerans in the rhizosphere of four varieties 

of Corchorus olitorius and Corchorus capsularis. Dutkiewicz et al. (2016) reported the 

beneficial role of Pantoea agglomerans as growth promoter in cropping systems by 

fixation of atmospheric nitrogen, production of phytohormones, degradation of phytate as 

well as phosphate solubilizing which makes the soil phosphorus available for plants. 

Pantoea agglomerans has also been identified as an antagonist of many plant pathogens 

as a result of antibiotic production, competition mechanisms or induction of plant 

resistance. In a study by Roy et al. (2015), it was found that combined application of 

biofertilizer strains and phosphate solubilising bacteria showed major effect on plant 

growth promotion as apparent by increased plant height, basal diameter and green weight 

of olitorius jute (Var. JRO 524). They also reported that PGPR strains had significant 

effect on reduction of Macrophomina phaseolina but the effect was more pronounced 

with inclusion of two biocontrol agents -Trichoderma harzianum and Pseudomonas 
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fluorescens. Ferreira et al. (2008) isolated endophytic PGPR from Eucalyptus species 

seeds and reported the PGPR traits of Pantoea agglomerans in colonizing of seedlings 

and growth promotion of plants. Venkadesaperumal et al. (2014) identified two potent 

plant growth promoting strains-OM5 (Pantoea agglomerans) and EM9 (Exiguobacterium 

sp.). Seeds of chili and tomato were inoculated with both strains, singly or jointly, results 

indicated that co-inoculation gave a more pronounced effects on seedling emergence, 

secondary root numbers, primary root length and stem length, while inoculation by 

individual isolate showed a lower effect. Authors suggested to use the mixed inocula of 

OM5 and EM9 strains as biofertilizers to increase the production of food crops in 

Andaman archipelago by means of sustainable and organic agricultural system. In a study 

by Ramirez and Kloepper (2010), Bacillus amyloliquefaciens FZB45 promoted plant 

growth and improved Phosphate nutrition in soil. Sharma et al. (2013) reported that, 

Bacillus amyloliquefaciens strain sks_bnj_1 possessed multiple plant growth-promoting 

traits such as siderophore production, indole-3-acetic acid-like-compounds, ACC 

deaminase, phosphatases, phytases, HCN, cellulases, zinc solubilization and antagonisms 

to soil-borne pathogens. Inoculation with the strain improved plant growth, nutrient 

assimilation and yield of soybean.  Significant increase in rhizosphere soil properties and 

nutrient content in straw and seeds of soybean was observed following the application of 

strain sks_bnj_1. Plant growth promoting and biocontrol activity of Bacillus 

amyloliquefaciens were also reported by several workers (Kaki et al. 2013; Chowdhury et 

al. 2015). Damam et al. (2014) isolated and characterized several PGPR strains from the 

rhizospheric soil of different medicinal plants from various locations in Andhra Pradesh. 

Authors reported that dual combination of three PGPR strains- one strain of Pantoea sp. 

(Cf 7) and   two strains of Pseudomonas sp. (Te 1, Av 30) were most effective as plant 

growth promoters. The combinations of these PGPR strains significantly increased plant 

growth parameters (shoot length, number of branches, number of tubers, diameter of 

tuber and total biomass) of Coleus forskohlii in field conditions in comparison to control. 

Many researchers reported growth improvement of various crops- maize, rice by Bacillus 

megaterium (Liu et al. 2006). Chakraborty et al. (2004, 2006, 2009) also mentioned the 

role of different potent PGPR strains- Bacillus megaterium, B. pumilus and 

Ochrobactrum anthropi in growth improvement as well as their biocontrol efficacy in 
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reduction of plant diseases. Thus it is clear that the potential of various isolates of 

Bacillus amyloliquefaciens and Pantoea agglomerans as plant growth promoters have 

been recorded previously. 

P. agglomerans and B. amyloliquefaciens both were good phosphate solubilizers to 

convert insoluble phosphorus (P) to an accessible form, like orthophosphate for 

increasing plant yields. The phosphate solubilisation traits of PGPR and application of 

these traits in improving growth status of plants was also reported by Rodriguez et al. 

(2006). One of the most common ways that PGPR improve nutrient uptake for plants is 

by altering plant hormone levels, ability to alter available phosphate from insoluble to 

soluble form. This changes root growth and shape by increasing root branching, root 

mass, root and shoot length, and/or the amount of root hairs. This leads to greater root 

surface area, which in turn, helps it to absorb more nutrients (Dessaux et al. 2009). The 

efficacy of Bacillus amyloliquefaciens (UPMS3) as phosphate solubilizer in consortia 

with beneficial PGPR in promoting rice seed germination and seedling growth was 

evaluated. Bacterization of rice seeds with B.  amyloliquefaciens increased shoot, root 

lengths, and total dry biomass of seedlings (Ng et al. 2012). In a study by Kang et al. 

(2014), potential of Bacillus megaterium mj1212 as phosphate solubilizer was explored 

for enhancing the growth of mustard plants. The beneficial effect of B. megaterium 

mj1212 in mustard plants was determined by an increasing shoot length, root length and 

fresh weight of plants. Liu et al. (2015) isolated and characterized potent phosphate 

solubilising bacteria- Bacillus megaterium, Bacillus subtilis, Pseudomonas aeruginosa 

from calcareous soil. There were reports about the role of cold tolerant species of 

Pantoea dispersa and Exiguobacterium acetylicum to effectively solubilize phosphate at 

lower temperatures (Selvakumar et al. 2008).  Walpola and Yoon (2013) isolated two 

phosphate solubilizing bacterial isolates - Pantoea agglomerans and  Burkholderia 

anthina and reported their role as potent plant growth promoter through their efficiency 

on tomato plant growth and phosphorus uptake. Both strains remarkably enhanced plant 

height, root length, shoot and root dry weight of plants. Pantoea sp. Pot1, solubilized 

tricalcium phosphate at a rate of 956 mg L-1. Greenhouse experiments demonstrated that 

tomato plants with soil systems inoculated with Pantoea sp. Pot1 incorporated more P 

and produced much higher biomass as reported by Sharon et al. (2016). Paul and Sinha 
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(2013) isolated four phosphate solubilizing isolates JPSB15, JPSB17, JPSB18 and 

JPSB19 belong to genera Pseudomonas  sp, Azotobacter sp, Flavobacterium sp and 

Bacillus sp from jute mill effluent. Muthaiyan and Ramlingam (2015) mentioned the role 

of about 34 bacillary isolates as plant growth promoters and phosphate solubilizers in 

paddy rhizosphere. Phosphate-solubilization mechanism and in vitro plant growth 

promotion activity mediated by Pantoea eucalypti were reported by Castagno et al. 

(2011). Pantoea eucalypti was isolated from the rhizosphere of Lotus tenuis and the use 

of bacterium as bioinoculant, alone or in combination with other beneficial PGPR strains, 

could be a sustainable practice to facilitate the nutrient supply to Lotus tenuis plants. 

Results of the present study, therefore clearly revealed P. agglomerans and B. 

amyloliquefaciens to have the ability of phosphate solubilization which would be one of 

the mechanisms of observed plant growth promotion by both bacteria.  

In the present study, effect of P. agglomerans and B. amyloliquefaciens on 

biochemical parameters related to growth- total & reducing sugar, soluble protein, total & 

ortho phenol and total chlorophyll contents were analysed in selected jute varieties. Total 

and reducing sugar contents were recorded to be highest in B. amyloliquefaciens + P. 

agglomerans treated jute leaves after 45 days. P. agglomerans was more effective than B. 

amyloliquefaciens. Similar trend was observed in evaluating effect of those PGPR 

isolates on soluble protein content of four jute cultivars. Highest soluble protein content 

was noticed in B. amyloliquefaciens + P. agglomerans treatment after 45 days in JRC 

321, followed by JRC 212, JRO 524 and JRO 8432. Accumulation of phenolics was also 

highly significant. In all cultivars, B. amyloliquefaciens + P. agglomerans was most 

effective. Single application B. amyloliquefaciens showed comparatively more increase 

in total phenol as well as o-phenol content than P. agglomerans treated jute leaves. 

Highest total chlorophyll content was observed after 45 days during time course 

inoculation in dual bacterial treatment but B. amyloliquefaciens singly was effective in 

increasing chlorophyll content in JRC 321 cultivar. P. agglomerans showed more 

significant increase in total chlorophyll in other three jute cultivars except JRC 321 than 

B. amyloliquefaciens. In an earlier study similar trend in biochemical studies related to 

significant increase in chlorophyll, total carbohydrate, reducing sugar, soluble protein as 

well as total and o-dihydroxy phenol contents was observed by the application of P. 
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agglomerans in jute plants (Majumdar and Chakraborty, 2015). Bacillus subtilis GB03 

was found to increase photosynthetic efficiency and chlorophyll content in Arabidiopsis 

thaliana through the modulation of endogenous signalling of glucose and abscisic acid 

sensing (Zhang et al. 2008). Enormous PGPR were known to promote plant growth, crop 

yield, seed emergence, thus promoting agriculture (Minorsky, 2008). Plant properties like 

leaf area, chlorophyll content, and total biomass were enhanced by inoculation of PGPR 

(Mia et al. 2010). 

Thus, it can be concluded that dual application of successful inocula of P. 

agglomerans and B. amyloliquefaciens will be more effective in field which can be used 

for improvement of health status of plants including growth promotion and induction of 

resistance in host. But among the two bacteria P. agglomerans can be used as a potent 

phosphate solubilising plant growth promoting strain more effectively in comparison to 

B. amyloliquefaciens.  

The present study, supported by earlier studies conducted by a large number of 

previous workers, indicated that selected two potent PGPR strains- P. agglomerans and 

B. amyloliquefaciens showed the ability to promote growth in jute plants. Besides growth 

promotion, in general PGPR are also associated with pathogen suppression in the soil. 

Induced resistance has also emerged as a potential tool in crop protection practices based 

on biological control. Induced resistance can be defined as the phenomenon by which 

plants exhibit increased levels of resistance to a broad spectrum of pathogens by the prior 

activation of genetically programmed defence pathways. Research over the past years has 

demonstrated that ISR (induced systemic resistance) can be a potential mechanism by 

which PGPR demonstrate biological disease control (Kloepper et al. 1996). ISR is 

dependent on colonization of the root system by sufficient numbers of PGPR. Some of 

the rhizobacteria induce resistance through the salicylic acid-dependent SAR pathway 

others prefer jasmonic acid and ethylene perception by the plant for ISR to develop. ISR 

offers a natural mechanism for biological control of plant disease.It has been 

hypothesised that the inducing rhizobacteria in the plant roots provoke a signal, which 

spreads systemically within the plant and increases the defensive competence of the 

distant tissues from the subsequent infection by the pathogens. ISR thus extended the 
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protective action of PGPR from their antagonistic activity against soil-borne pathogens in 

the rhizosphere to a defense-stimulating effect above the surface of the ground tissues 

against foliar pathogens. Hence, in order to get a proper insight into the induced systemic 

resistance, analysis of the biochemical changes especially those known to be involved in 

these mechanisms are essential. Besides growth promotion, in order to determine whether 

P. agglomerans and B. amyloliquefaciens could induce systemic resistance in four jute 

varieties, accumulation of defense related enzymes and phenolics were studied. Results 

revealed that both the isolates increased significantly activities of defense enzymes and 

accumulation of total as well as o-phenol in all four jute varieties during time course 

accumulation of 48-192 hrs. Highest activities of defense enzymes and highest total and 

o-phenol contents were observed after 192 h of application of both bacteria in 

comparison to untreated healthy control. Among the two isolates, B. amyloliquefaciens 

was most effective singly than P. agglomerans. Biocontrol efficacy of B. 

amyloliquefaciens and B. pumilus against Fomes lamaoensis were reported by 

Chakraborty et al. (2013). Both the isolates led to enhancement in activities of defense 

related enzymes- phenyl alanine ammonia lyase, peroxidase, chitinase, β-1, 3-glucanase 

and total phenols. Antagonistic activities of Bacillus strains against pathogens were also 

reported by Kumar et al. (2012). The role of induced systemic resistance in canola 

mediated by Bacillus amyloliquefaciens and Bacillus cereus was observed. PGPR strains 

were able to control blackleg disease of plant (Ramarathnam et al. 2011). Manikandan et 

al. (2010) reported role of plant growth promoting rhizobacterial strains as potent 

biocontrol agents along with growth promotion. It was observed by Erdogan and 

Benlioglu (2010) that beneficial bacteria promoted growth of plant in disease infested soil 

by suppressing the disease through antibiosis, by inducing systemic resistance, producing 

toxins, bio-surfactants, lytic enzymes and competing for food and niches. Chakraborty et 

al. (2006) also mentioned the role of Bacillus megaterium in induction of resistance in tea 

plants as evidenced by the increased accumulation defense enzymes- POX, CHT, β-1.3-

GLU and PAL. Murphy et al. (2000) reported the biocontrol abilities of Bacillus 

amyloliquefaciens, B. subtilis and B.  pumilus. 

Since the isolate Bacillus amyloliquefaciens showed antagonistic activity against 

Macrophomina phaseolina in vitro, experiments were further conducted to determine 
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whether the isolate along with Pantoea agglomerans could also control stem rot disease 

caused by M. phaseolina. Roots of jute plants of selected four varieties were infected 

with cultures of M. phaseolina and prior to this bacterial suspensions were applied as soil 

drench in potted conditions in order to control the disease. Time course accumulation of 

peroxidase (POX), chitinase (CHT), glucanase (GLU) and phenyl alanine ammonia lyase 

(PAL) increased markedly in treated four varieties of jute- JRC 212, JRC 321, JRO 524 

and JRO 8432 in comparison to healthy control following 48, 96,144 and 192 h of 

challenge inoculation with M. phaseolina. In all selected four varieties of jute during time 

course accumulation, highest peroxidase and chitinase activities were observed in TI (P. 

agglomerans + B. amyloliquefaciens + M. phaseolina) samples than T4 (M. phaseolina 

inoculated) and healthy control from 48-192 hrs. There was also significant increase in 

POX and CHT activities in P. agglomerans + M. phaseolina and B. amyloliquefaciens + 

M. phaseolina treatments as compared to control. Similar trend was observed in 

glucanase (GLU) and phenyl alanine ammonia lyase (PAL) activities of jute varieties 

following the treatments. Single application of B. amyloliquefaciens was comparatively 

most effective than P. agglomerans when there was challenge inoculation with M. 

phaseolina. The findings of the present study have been justified with some similar 

research works reported by earlier researchers. Vasebi et al. (2015) reported about the 

potent biocontrol strain- Pantoea agglomerans ENA1 which reduced charcoal rot disease 

of soybean by Macrophomina phaseolina. Significant reduction of the disease was 

measured in host-plant weight increase, reduced micro-sclerotial coverage of the host 

tissues and decreased population of the pathogen in soil. Antibiosis activity of biocontrol 

strain of Pantoea agglomerans E325 against Erwinia amylovora was evaluated by Pusey 

et al. (2011). Manso et al. (2010) reported antagonistic activity of Pantoea agglomerans 

PBC-1 strain against Penicillium expansum and P. digitatum. Diseases of apple and pears 

caused by Erwinia amylovora were reduced by Pantoea vagans (Smits et al. 2010). 

Narula et al. (2007) observed induction of resistance in wheat after inoculation with 

Pantoea agglomerans D5/23 strain along with other potent biofertlizers. Properties 

exhibited by P. agglomerans strains related to induction of plant resistance against 

disease were well known. Pantoea agglomerans showed an inhibitory activity against a 

number of important fungal plant pathogens, including Fusarium culmorum, a soil-borne 
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fungal pathogen that caused seedling and head blight, foot and root rot of wheat, Puccinia 

recondita f. sp. tritici causing brown rust of wheat, Fusarium avenaceum, F. oxysporum, 

F. gibbosum and F. graminearum (Pandolfi et al. 2010; Romanenko and Alimov, 2000). 

There was a report about biological control of Monilinia laxa and Rhizopus stolonifer by 

Pantoea agglomerans EPS125 strain (Bonaterra et al. 2003). In an another experiment 

carried out by Li et al. (2015) it was observed that Bacillus amyloliquefaciens LJ02 

induced systemic resistance against powdery mildew disease of cucurbits. Cucumber 

seedlings when treated with B. amyloliquefaciens LJ02 produced significantly increased 

production of superoxide dismutase, peroxidase, polyphenol oxidase and phenylalanine 

ammonia lyase as compared to control. Authors confirmed the increased production of 

free salicylic acid and expression of pathogenesis-related gene PR-1 which also indicated 

stimulation of salicylic acid mediated defense response in cucumber plant after 

application of bacterium. Induction of systemic resistance in Panax ginseng against 

Phytophthora cactorum through the application of Bacillus amyloliquefaciens HK34 

strain was reported by Lee et al. (2015). Significant up-regulation of the genes- PR10, 

PR5, and CAT in plants treated with B. amyloliquefaciens was observed against 

P. cactorum in comparison to pathogen inoculated plants and control. Bacillus 

amyloliquefaciens (AB909000) reduced stem rot disease severity and enhanced activity 

of peroxidase after challenge inoculation with M. phaseolina in jute plant as reported by 

Bhattacharyya et al. (2014). Meena et al. (2014) conducted an experiment where 

combination of phosphate solubilizing bacterium  and Trichoderma viride along with the 

application of NPK fertilizers were most effective in management of diseases in 

Corchorus olitorius (L.) caused by M. phaseolina. In a research conducted by Saraf et al. 

(2014), secretion of allochemicals-metabolites, siderophores, antibiotics, volatile 

metabolites and enzymes by PGPR strains led to biocontrol of phytopathogens.  

Loganathan et al. (2014) characterized Bacillus subtilis (BS2) strain which was found 

effective against tomato wilt by Fusarium oxysporum fsp. lycopersici. The bacterium 

induced resistance against Fusarium wilt by enhancing the activities of defense related 

enzymes- peroxidase, polyphenol-oxidase, chitinase and phenylalanine ammonia lyase 

and phenolics when challenged with the pathogen. Native PAGE analysis of polyphenol-

oxidase showed appearance of four isoforms. Out of the four isoforms, increased 



207 
  

expression of PPO3 and PPO4 isoforms was found in B. subtilis treated plant challenged 

with F. oxysporum. Induction of PPO in native PAGE analysis was also reported by 

Ramamoorthy et al. (2002), who showed the increased expression of PPO enzyme in 

PGPR treated tomato and chilli plants against Pythium aphanidermatum. Khiyami et al. 

(2014) adopted eco-friendly approach for the management of cotton seedling disease by 

the dual application of PGPR strains- Bacillus circulans and B. coagulans. Both the 

isolates were most effective strains in controlling cotton seedling disease.  Bacillus 

amyloliquefaciens FZB42 reduced disease severity in lettuce plant caused by 

phytopathogenic fungus Rhizoctonia solani (Krober et al. 2014). Biocontrol activity of 

Bacillus amyloliquefaciens CNU114001 against fungal plant diseases was reported by Ji 

et al. (2013). Crude antifungal substance, secreted by B. amyloliquefaciens showed 

antagonistic activity against tomato gray mold, cucumber and pumpkin powdery mildew 

diseases. There was earlier report about antagonism of Bacillus sp against Macrophomina 

phaseolina (Omar et al. 2013). Solanki et al. (2012) showed characterization and 

purification of chitinase, β-1, 3-glucanase and protease from four Bacillus strains. 

Bacillus strains reduced disease caused by Rhizoctonia solani. An increase in the 

activities of chitinase, glucanase, peroxidase, polyphenol-oxidase, phenylalanine 

ammonia lyase and total phenolic content in leaves of tomato was observed during 

disease suppression by Bacillus strains. There were several reports about the biocontrol 

potentials of B. subtilis strains in successful control of Fusarium wilt of cucumber (Cao et 

al. 2011) and the management of charcoal rot disease caused by Macrophomina 

phaseolina by using potent biocontrol agents- Pseudomonas plecoglossicida, 

Brevibacterium antiquum and Bacillus altitudinis (Gopalakrishnan et al. 2011). Arrebola 

et al. (2010) mentioned the biocontrol activity of Bacillus amyloliquefaciens PPCB004 

against postharvest fungal pathogens. Combined effects of Pseudomonas alcaligenes and 

Bacillus pumilus were reported in control of root-rot disease of chickpea (Akhtar and 

Siddiqui, 2008).  In another research work carried out by Loganathan et al. (2010), 

Bacillus amyloliquefaciens and Bacillus subtilis were used as potential biocontrol isolates 

against fungal pathogens- Fusarium oxysporum f.sp. lycopersici and Sclerotium rolfsii. 

El-Barougy et al. (2009) reported antagonistic activities of potent PGPR isolates against 

M. phaseolina in soybean plant in potted as well as field conditions. Some species of 
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fluorescent Pseudomonas were established as very effective biocontrol agents for stem 

and root rot in jute (Srivastava and Singh, 2009). B. subtilis IX 007 showed maximum 

reduction of growth of fungal mycelia. Choudhary and Johri (2009) mentioned that 

Bacillus amyloliquefaciens was known as potential elicitors of ISR and exhibited 

significant reduction in the incidence of various diseases in diverse hosts. Singh et al. 

(2008) reported biocontrol efficacy of Bacillus subtilis BN1 in reduction of root rot 

symptoms caused by Macrophomina phaseolina in pine seedlings. In a similar study, 

Bacillus licheniformis MML2501 inhibited the mycelial growth of fungal pathogens - 

Macrophomina phaseolina, Fusarium udum, F. oxysporum, Bipolaris oryzae, Pyricularia 

oryzae, Alternaria alternata and Curvularia lunata. B. licheniformis also produced 

salicylic acid and through induction of systemic resistance bacterium could be used as 

biocontrol agent for protection of crops (Shanmugam and Narayanasamy, 2008). 

Bandopadhyay et al. (2006) used some potent PGPR isolates and Trichoderma that 

showed antifungal activities through the inhibition of highly virulent strain of M. 

phaseolina (R9). Low molecular weight volatiles- methyl jasmonate and methyl 

salicylate, isolated from PGPR strains- Bacillus subtilis GB03 and Bacillus 

amyloliquefaciens IN937a triggered induced systemic resistance in seedlings of 

Arabidiopsis against the pathogen- Erwinia carotovora subsp. carotovora (Ryu et al. 

2004). Many research studies showed that elicitation of induced systematic resistance by 

Bacillus strains led to a significant reduction in severity of various diseases (Kloepper et 

al. 2004). Srivastava et al. (2001) inoculated chickpea plant with P. fluorescens isolate 4-

92 which protected the plant against charcoal rot disease caused by M. phaseolina. It was 

also observed that bacterial treatment increased glucanase and chitinase activities of root. 

De Meyer and Hofte (1997) also gave evidence in favour of some plant growth 

promoting bacteria that triggered a salicylic acid dependent signalling pathway leading to 

the induction of ISR against plant pathogens. Dual application of successful inocula of P. 

agglomerans and B. amyloliquefaciens were more effective in increasing activities of 

defense enzymes related to the mechanisms of ISR as well as reducing stem rot disease of 

M. phaseolina in all four jute cultivars. In support of this finding from our investigation, 

earlier research work conducted by Akhtar et al. (2016) also showed that a combination 

of PGPR strains- Bacillus spp., Pseudomonas aeruginosa, Serratia spp. and 
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Pseudomonas spp. could reduce disease of maize plant caused by Fusarium oxysporum. 

Consortia of those selected isolates were most effective in reducing disease through direct 

or indirect mechanisms of action. Higher proline content, catalase and ascorbate 

peroxidase activities were observed in PGPR treated and F. oxysporum inoculated plant 

in comparison to untreated healthy control. Similar observation was made by Karkachi et 

al. (2010) in a study in which author mentioned the antifungal activities of PGPR strains 

against Fusarium oxysporum f.sp. lycopersici through the production of antifungal 

metabolites. Biocontrol of seedling blight disease of Corchorus olitorius was reported by 

Muhammed et al. (2016) through the application of bacilli groups in association with 

other some phosphate solubilizing fungal species. Sahid and Khan (2016) isolated 

Bacillus subtilis and Trichoderma harzianum and reported their biological potentiality in 

management of root-rot disease in mung-bean plants, caused by Macrophomina 

phaseolina. Treatment with biological control agents significantly increased biochemical 

components as well as root nodulation. Sarma et al. (2015) emphasized the role of 

microbial consortia in mediating plant defense against phytopathogens in their review 

article. Authors also gave possible explanations for reduction in diseases when a 

microbial consortium was used, compared the effects of microbes when used alone. In a 

review by Perez-Montano et al. (2014), role of potent PGPR strains as biocontrol agents 

in cereal and leguminous agricultural crops was highlighted. Those PGPR isolates 

suppressed plant pathogens through induced systemic resistance pathways. Bacillus sp. 

CHEP5 strain was reported as biocontrol agent that induced systemic resistance in 

Arachis hypogaea (L.) against Sclerotium rolfsii causing root and stem wilt. Reduction in 

sclerotial disease was more when Bacillus sp. CHEP5 was co-inoculated with 

Bradyrhizobium sp. SEMIA 6144 as evidenced by increase in phenylalanine ammonia-

lyase enzyme activity (Figueredo et al. 2014). Bhattacharyya et al. (2014) screened 

bacterial isolates, isolated from the rhizosphere of jute for their in vitro PGPR activities. 

Authors reported the biocontrol potential of PGPR strains that significantly suppressed 

the incidence of seedling disease even after challenge inoculation with the pathogen. In 

another study, Magnin-Robert et al. (2013) reported that Pantoea agglomerans, 

Acinetobacter lwoffii, Bacillus subtilis and Pseudomonas fluorescens- these PGPR 

isolates induced systemic resistance in grapevine against Botrytis cinerea when all the 
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strains were applied in combination. But single application of P. agglomerans was also 

effective in reducing the symptoms of grey mould disease. Antagonistic activities of 

Bacillus subtilis strain and Bacillus spp. against Alternaria solani, Phytophthora infestans 

and anthracnose pathogen and induction of systemic resistance by B. subtilis in tomato 

plants were reported by researchers (Chowdappa et al. 2013). Abdel-Aziz (2013) isolated 

Bacillus alvei NRC 14 which inhibited disease caused by Fusarium oxysporum through 

induction of ISR pathways and increased expression of chitinase, β-1, 3 glucanase and 

proteases. Sandra et al. (2009) characterized some PGPR strains and identified them as 

Bacillus subtilis IX 007, B. amyloliquefaciens VII 015 and VIII 016, B. pumilus IX 030, 

and B. stearothermophilus TM 008. The strains showed antagonism against 

Macrophomina phaseolina, causal agent of charcoal root rot through the production of 

volatiles and siderophores as possible mechanisms. Reduction of Fusarium root rot 

disease of cucumber was observed after dual application of Bacillus subtilis MB10 and 

Trichoderma viride MT15 strains (Majdah, 2008). Sarkar and Bhattacharyya (2008) 

reported biological control of Macrophomina phaseolina by antagonistic microorganisms 

in green gram. Bandopadhyay and Bandopadhyay (2004) focussed on beneficial traits of 

plant growth promoting rhizobacteria and fungal antagonist and their consortia for 

biological disease management in blast fibre crop. Pal et al. (2001) isolated two bacilli 

isolates MR-11(2) and MRF and fluorescent Pseudomonas sp. EM85 from the 

rhizosphere of maize plant. All PGPR strains were found antagonistic to Macrophomina 

phaseolina, Fusarium moniliforme and Fusarium graminearum. Combined application of 

two bacilli more significantly reduced charcoal rot disease. Raupach and Kloepper (1998) 

reported that combined application of PGPR strains- INR7 (Bacillus pumilus), GB03 

(Bacillus subtilis), and ME1 (Curtobacterium flaccumfaciens) were most effective in 

reducing anthracnose, angular leaf spot and wilt diseases in cucumber, caused by 

Colletotrichum orbiculare, Pseudomonas syringae pv. lachrymans and Erwinia 

tracheiphila as compared to single application of PGPR strain.  

Total phenol and o-phenol contents were estimated in jute leaves of different four 

varieties following application of P. agglomerans, B. amyloliquefaciens and challenge 

inoculation with M. phaseolina. There was a significant increase in phenol contents of 

leaves in all treatments (M. phaseolina, P. agglomerans + M. phaseolina, B. 
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amyloliquefaciens + M. phaseolina and P. agglomerans + B. amyloliquefaciens + M. 

phaseolina), but most significant increase was when there was challenge inoculation. 

Analysis of Variance (ANOVA) revealed that there were significant differences in all 

treatments in case of total and ortho-phenol contents during disease development. Fatima 

and Anjum (2016) reported that Pseudomonas aeruginosa PM12 strain induced systemic 

resistance in tomato against Fusarium oxysporum through up-regulation of phenolics. 

Phenolic compounds are responsible for arresting growth of pathogen in plants. Higher 

accumulation of phenolics was observed in tomato pre-treated with Pseudomonas 

fluorescens and challenge inoculated with Ralstonia solanacearum as observed by 

Murthy et al. (2014). Significant increase in total phenolic content was observed along 

with enhanced activities of chitinase, β-1, 3-glucanase, phenylalanine ammonia lyase, 

peroxidase and polyphenol oxidase during induction of resistance by bacilli isolate to 

Colletotrichum acutatum causing anthracnose rot (Wang et al. 2014). Boominathan and 

Sivakumar (2013) reported that higher accumulation of phenolics was observed in 

Curcuma longa pre-treated with Bacillus megaterium (AUM72) against Pythium 

aphanidermatum. Induction of defense enzymes and increased phenol contents related to 

phenyl propanoid pathway led enhance resistance against invasion of Pythium in 

turmeric. Accumulation of high level of phenolics was observed during systemic 

response in tomato plant induced by application of two potent PGPR strains- 

Pseudomonas putida MG4 and P. fluorescens MG18 (Ahmed et al. 2011). Liang et al. 

(2011) reported increased expression of superoxide dismutase, peroxidase, catalase, 

polyphenol oxidase and phenylalanine ammonia-lyase along with rise in phenol contents 

during induction of resistance in cucumber against seedling damping-off by Bacillus 

megaterium L8. There was earlier report mentioned by Maachia et al. (2010) indicating 

that Bacillus spp. enhanced resistance to Uncinula necator infection in grapevine as well 

as induced phenolic compounds that played a vital role in induced systemic resistance. 

Prathuangwong and Buensanteai (2007) observed increased production of phenols in 

soybean plants when treated with Bacillus amyloliquefaciens strain KPS46 challenge 

inoculated with the pathogen as compared with diseased as well as control plants. There 

was earlier report by M,Piga et al. (1997) about high level accumulation of phenolic 

compounds when plant was treated with potent PGPR strains, challenged with pathogens. 
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Benhamou et al. (1996) reported that pre-treatment with PGPR in pea plant showed 

induction of phenolics against Fusarium oxysporum f. sp. pisi and Pythium ultimum. A 

statistical significant increase in total and ortho-phenol was observed in leaves of tea 

varieties following the application of Bacillus amyloliquefaciens, Serratia marcescens 

and B. pumilus (Chakraborty et al. 2013). 

The results of the present study have shown that jute rhizosphere is a habitat of 

dynamic rhizobacteria. In our study we have characterised five potent strains, out of 

which, two were further characterised. The strain Pantoea agglomerans showed quite a 

high level of phosphate solubilization whereas Bacillus amyloliquefaciens showed 

antagonistic activity against all the phytopathogens used in study. SEM analysis also 

confirmed the antagonistic activity of B. amyloliquefaciens. This antagonistic activity of 

B. amyloliquefaciens was also correlated with hydrolytic enzyme production by the 

isolate. To evaluate the efficacy of these two isolates to stimulate plant growth, the strains 

were applied in vivo. The experimental results revealed that two strains Pantoea 

agglomerans and Bacillus amyloliquefaciens could increase growth parameters such as 

shoot and root length; shoot and root dry weight and leaf area. Inoculation with these two 

isolates not only showed promising results in growth parameter, but also showed increase 

in biochemical parameters. Total and reducing sugar content, protein content, total and o-

hydroxy phenol content increased following the application of these two strains in all the 

jute cultivars. Further, a significant decrease in Percent Disease Index was observed 

following the application of the isolate in presence of M. phaseolina. All the defense 

enzymes related to ISR have been enhanced. Though the exact mechanism of elicitation 

of ISR by PGPR is not well known, but it can be speculated that, the isolates secreted 

metabolites which in turns elicited systemic resistance to jute plants. Thus, these two 

isolates can be used as consortium to enhance the growth and thus productivity of jute 

plants. Further study with these two isolates, specially, B. amyloliquefaciens may lead to 

the development of excellent biocontrol agent against devastating pathogen 

Macrophomina phaseolina.              

 

 


